aggressive cancer unlikely to be cured). In addition, decision making requires personality traits such as patience and self-control; there are many knowledgeable adults with high cognitive capacity that smoke, drink and drive, or have diabetes that could be controlled by diet. Thus, decision making is a complex function of diverse characteristics and may be a harbinger of adverse health outcomes even among persons without overt cognitive impairment. To date, however, relatively few studies have examined decision making in older persons and the consequences of impaired decision making in old age remain unknown.
In this study, we tested the hypothesis that poor decision making is associated with an increased risk of mortality among community-based older persons without dementia. Participants were 675 older persons from the Rush Memory and Aging Project, a longitudinal study of aging. Decision making was assessed using a previously established, 12-item, performance-based measure of decision making that employs materials designed to simulate those used in real world settings and has been related to cognition and health in prior cross-sectional studies of aging [2, 3, 11] . Proportional hazard models adjusted for age, sex and education were used to examine the association of decision making with risk of mortality. In subsequent analyses, to examine the robustness of the relation between decision making and mortality, we added a term to control for the influence of the level of cognitive function based on 19 cognitive tests. This was done because dementia and level of cognition are well known to be associated with risk of death. By excluding persons with dementia at baseline and controlling for level of cognition, we explicitly sought to determine whether factors related to decision making other than cognition are associated with risk of death. Such a finding would have important implications for developing strategies to improve decision making in older persons.
Method

Participants
Participants were from the Memory and Aging Project, an ongoing longitudinal study of chronic conditions of aging that began in 1997; enrollment is ongoing [12] . Participation involves risk factor assessment, detailed annual clinical evaluations including medical history, neurological and neuropsychological examinations, and organ donation at death. The study was approved by the Institutional Review Board of Rush University Medical Center, and informed consent and an anatomical gift act were obtained following a detailed presentation of the risks and benefits associated with participation. Notably, in 2008, decision making assessment was started as part of a substudy that was added and was also approved by the Institutional Review Board of Rush.
At the time of these analyses, 1,514 participants had completed the baseline evaluation for the parent study; of those, 418 died and 82 refused further participation in the parent project before they were approached for a decision making assessment. Of the remaining 1,014 potentially eligible persons, 695 completed the decision making assessment, 318 had not yet completed their decision making baseline evaluation and 1 refused the decision making assessment. Of the 695 participants who had completed the decision making assessment, 20 had dementia and were excluded, leaving 675 eligible for these analyses.
Clinical Diagnoses and Cognitive Evaluation
Clinical diagnoses were performed using a uniform process, as previously described [12] . First, neuropsychological tests were administered and ratings of impairment were assigned based on education-adjusted cutoff scores. Second, an experienced neuropsychologist, blinded to subject age, sex and race, reviewed the results of the cognitive testing and rendered a clinical judgment regarding the presence of cognitive impairment. Third, diagnostic classification was performed by an experienced clinician who specified whether the participant met clinical criteria for dementia and probable Alzheimer's disease recommended by the joint working group of the National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association; these criteria require evidence of cognitive decline in memory and at least one other domain of cognitive function.
Cognitive function was assessed via a battery of 21 tests, including the Mini Mental State Examination, but the latter scores were used only to describe the cohort. One additional test, Complex Ideational Material, is used for diagnostic classification purposes only. Scores on 19 tests were used to create a summary measure of global cognitive function, as previously described.
To compute the composite measure of global cognitive function, raw scores on each of the individual tests were converted to z-scores using the baseline mean and standard deviation of the entire cohort, and the z-scores of all 19 tests were averaged [12] [13] [14] .
Assessment of Decision Making
A 12-item version of a previously established performancebased measure was used to examine decision making [2, 3, [11] [12] [13] [14] . This measure was specifically designed to evaluate decision making in older adults and uses theoretically based and conceptually well-considered items to assess aspects of decision making such as comprehension and integration of information using materials that closely resemble those used in real world decision settings commonly faced by older persons [2, 3] . Respondents are asked questions of varying difficulty levels (simple and complex). Simple questions primarily measure decisions that reflect understanding of the information presented. The complex problems parallel the simple problems but involve many more options. For example, one of the simple problems presents information on three mutual funds, including the gross annual return, account management fee, minimum investment, and years of activity, and asks respondents to select the fund with the smallest account management fee. Subsequently, a complex problem presents simDecision Making and Mortality 249 ilar information about seven mutual funds and asks respondents to select the most appropriate fund given prespecified preferences (e.g. Pamela wants a management fee of less than X%, a gross annual rate of return of X%, and a minimum investment of X; which fund should she choose?). The total score is the sum of the number of items answered correctly (range: 0-12), with higher scores indicating better decision making. In previous research, this measure has been shown to have adequate psychometric properties including internal consistency, interrater reliability and shortterm temporal stability. Further, an expanded version of the test has been shown to be related to behaviors and abilities known to be related to decision making in old age, including measures of cognitive ability, numeracy, attitudinal and psychosocial measures (e.g. motivation) and health behaviors (e.g. number of medications taken, number of doctor/nurse visits) [2, 3] . Finally, in our cohort, performance on the test is related to real world decisions such as susceptibility to scams (p ! 0.001) and likelihood of having been a victim of financial fraud (p ! 0.01), in addition to other indices that should be related to decision making in old age (e.g. age, education, income, conscientiousness and functional status, all p values ! 0.001).
Other Covariates
Other variables used in the analyses included age (based on date of birth and date of cognitive testing), sex (females coded as 0 and males as 1) and education (years of schooling completed).
Determination of Vital Status
The autopsy rate of the Rush Memory and Aging Project exceeds 80%. Thus, for most participants, the exact date of death is known. Study participants are also contacted quarterly to determine vital status and changes in health, and death is occasionally learned of during quarterly contacts. Finally, research assistants regularly search the Social Security Death Index via the internet for the small number of persons lost to follow-up. At the time of these analyses, mortality data were accurate within 3 months.
Data Analysis
We first examined the crude associations of decision making with age, sex and education. Then, we examined the relation of decision making with mortality using a proportional hazards model adjusted for age, sex and education. Finally, to examine the potential influence of cognition on the association of decision making with mortality, we repeated the core model with an additional term for cognitive function. Model validation was performed graphically and analytically and there was no evidence of nonlinearity or nonproportionality. Programming was done in SAS [15] .
Results
Characteristics of Decision Making
Baseline scores on the decision making measure ranged from 0 to 12 (mean = 7.1, SD = 2.9), with lower scores indicating poorer decision making. Decision making was negatively associated with age (r = -0.33, p ! 0.001) and positively with education (r = 0.38, p ! 0.001) such that older and less educated persons exhibited poorer decision making. Women performed more poorly than men (p = 0.004). Decision making was also positively associated with cognition (r = 0.56, p ! 0.001).
Decision Making and Mortality
Over up to 4 years of follow-up (mean = 1.7), 40 (6% of 675) persons died. Table 1 provides crude data at baseline on those who died and those who survived. Those who died were older and exhibited poorer decision making compared to survivors. In addition, those who died had lower levels of cognitive function.
We examined the association of decision making with the risk of mortality via a series of proportional hazard models adjusted for age, sex and education. In the initial analysis, the risk of mortality increased by about 20% for each additional error made on the performance-based measure of decision making (HR = 1.19, 95% CI = 1.07-1.32). Thus, as illustrated in figure 1 , a person who performed poorly on the decision making measure (score = 3, 10th percentile) was about 4 times more likely to die over the course of the study compared to a person who performed well (score = 11, 90th percentile).
Next, because it is well known that cognitive function is strongly associated with the risk of mortality in old age and efficient decision making requires cognitive function, we examined whether the association of decision making with mortality persisted after adjustment for cognitive function. Thus, we repeated the initial proportional hazard model described above but included an additional term for global cognitive function, which was 250 measured using 19 cognitive tests. The association of decision making with mortality persisted and was essentially unchanged in this analysis (HR = 1.17, 95% CI = 1.04-1.31, table 1 ), suggesting that it is relatively independent of cognition.
Discussion
We examined the association of decision making with mortality in more than 600 community-dwelling older persons without dementia. During up to 4 years of followup, poorer decision making was associated with an increased risk of death; more specifically, a person who performed poorly on the measure of decision making was about 4 times more likely to die over the study period compared to a person who performed well. Further, the association of decision making with mortality persisted after adjustment for the level of cognitive function. The finding that decision making is related to mortality in nondemented older persons after accounting for the level of cognitive function suggests that decision making is a complex behavior that warrants additional research focus as a potentially early and important harbinger of adverse health outcomes in old age.
Decision making has long been considered essential to maintenance of independence, health and well-being. In cross-sectional studies of older persons, decision making has been associated with several indicators of psychological health and well-being, including cognition, numeracy, social functioning, mood and indices of health [2, 3] . Although it stands to reason that poor decision making would predict adverse health consequences, we are not aware of any longitudinal study that has examined whether poor decision making is associated with an increased risk of mortality in old age. This reflects an important gap in knowledge, as aging is a time when many important and impactful decisions are made just as cognitive function deteriorates and death approaches. It is widely accepted that older persons with dementia have impaired decision making, and emerging evidence suggests that persons with mild cognitive impairment, the preclinical phase of dementia, also exhibit poor decision making [2, 3, 7, 9, 10, 16] . Further, compelling evidence suggests that even some 'cognitively healthy' persons exhibit impaired decision making [17] . In particular, the selective susceptibility of older persons to fraud raises questions about the quality of decision making in advanced age, and there are many other examples of older persons making poor healthcare (e.g. failure to enroll in necessary health benefit plans) and financial decisions (e.g. taking social security distributions early, poor retirement planning) [4, 18] . The present results are the first that we are aware of that provide evidence that decision making may be an important determinant of health outcomes in old age.
It is noteworthy that there remains some debate regarding the extent to which decision making reflects an indicator of or proxy for cognition rather than a distinct construct. Notably, we excluded persons with overt dementia from our analyses. Further, we controlled for level of cognition using a detailed battery of 19 cognitive tests, and the association of decision making with mortality persisted. Thus, the effect of decision making on risk of death was above and beyond the level of cognition, which also predicts risk of death. These findings provide support for the validity of decision making as a distinct construct, a perspective that is supported by a large literature, mostly from behavioral economics and psychology, that shows that good decision making requires domain-specific knowledge, as well as personality traits such as patience and self-control [2, 3] . Taken together, these studies suggest that simply having knowledge or computing power does not always result in better decisions. Given that decision making is a complex function of diverse characteristics, it may represent a behavior that is sensitive to even very early changes in cognition and may be a harbinger of adverse outcomes. Additional research is needed to better understand the correlates of decision making in old age and to determine whether decision making is related to other important health outcomes such as disability and dementia.
The basis of the association of decision making with mortality is unknown. One possibility is that this association is the result of comorbidities possibly due to a history of poor decision making. In other words, older persons who made poor decisions may have been sicker and thus at greater risk of death. Another possibility is that common, age-related neuropathologies (i.e. in Alzheimer disease and cerebrovascular disease), which are nearly ubiquitous in the brains of older persons, contribute to impairments in complex thinking and behavioral processes that underlie decision making [19, 20] . Future studies are needed to elucidate the neurobiologic basis of the association of decision making with mortality, but we suspect that impaired decision making in older persons is not simply due to aging or cognitive impairment. Rather, it is the result of disease processes that either result from or contribute to poor decision making.
This study has several strengths, including the assessment of decision making in a large group of community-dwelling older persons who underwent a uniform clinical evaluation and in whom widely accepted criteria were used to exclude persons with dementia. In addition, we examined potential confounders of the association of decision making with mortality, including the level of global cognitive function measured via a well-established and detailed battery of tests. Limitations include the selected nature of the cohort, which may have restricted our range of scores on the decision making measure and may limit the generalizability of findings. In addition, the duration of follow-up was relatively short, although the results were significant and robust. Finally, although performance on an expanded decision making test that incorporated the items used here has been shown to be related to behaviors and abilities known to be associated with decision making (e.g. numeracy, health behaviors, motivation), further research is needed to determine the external validity of the decision making test used in this study [2, 3] . That decision making was found to be associated with mortality even after controlling for cognition suggests that the measure used herein warrants further investigation. Future studies are needed to better understand the trajectory of decision making in aging and to examine the association of decision making with additional health outcomes.
